Summary. Ten groups of 10 growing male rats (65 g) were fed ad libitum either a control diet or rapeseed diets (15 mM glucosinolates/kg DM) supplemented either with I-alone, I--and Cu ++ (2 levels), I-+ Cu ++ and methionine or I-and Fe ++ (2 levels) ( (table 2) .
Summary. Ten groups of 10 growing male rats (65 g) were fed ad libitum either a control diet or rapeseed diets (15 mM glucosinolates/kg DM) supplemented either with I-alone, I--and Cu ++ (2 levels), I-+ Cu ++ and methionine or I-and Fe ++ (2 levels) (table 1) for 35 days. When the rapeseed diets were given as powder or as mash, food intake decreased 24 and 32 °!, respectively ; live weight gain was reduced by 36 and 46 %, liver weight increased 20 and 33 !o, thyroid gland was 3 and 4 times as big, and a 30 and 50 % decrease in the T4 plasma level was noted (table 2) .
I-supplementation did not prevent the deleterious effects of rapeseed meal feeding. I-and Fe+ + + supplementation had detrimental effects on food intake, live weight gain and kidney weight, but beneficial effects on liver and thyroid weights and on plasma thyroid hormone levels.
The low level of I-and Cu + + supplementation suppressed the depressive effects of rapeseed meal on food intake and live weight gain and reduced the deleterious effects on kidney, liver and thyrdfd weights and on plasma thyroid hormone levels, whereas the higher level almost suppressed them. The results are discussed considering the likelihood of a bivalent cation effect on glucosinolates.
Introduction.
Glucosinolates are the most toxic compounds in rapeseed meal and limit its use as animal feed (Bell, 1984) . In France, breeding has reduced by 3 to 5 times the glucosinolate content of rapeseed, without reducing productivity, but the content in new varieties such as Tandem and Darmor is still quite high, between 30 and 60 mM/kg dry matter (DM) of meal (Morice, 1983) . The depressive effect of rapeseed on food consumption and growth rate of rats is directly related to the glucosinolate content of the diet (Vermorel, Davicco and Evrard, 1987) . In addition, rapeseed cultivars with very low glucosinate contents (Line, Erglu, Tower) still have a goitrogenic effect which reduces long-term pig and poultry performance (Just, Hansen and Jensen, 1982 ; Thomke et al., 1983) .
Hydrolysis of glucosinolates by the myrosinase contained in the seed or by microorganisms in the animal's gut gives rise to several toxic compounds (Fenwick and Heaney, 1983) , in particular isothiocyanates (ITC) and thiocyanate ions which compete with iodine for thyroidal transport and thus decrease iodide uptake (Fenwick and Heaney, 1983) , and oxazolidine-2-thione (VTO), which, like goitrin, inhibit iodine oxidation, a key stage in thyroid hormone synthesis (Bergner and Schmidt, 1972 (Menzel, 1983) .
The objectives of the present study were to determine : 11 the effects of supplementation with iodine alone, iodine + copper and iodine + iron, on performance, organ weight and thyroid activity of growing rats receiving a glucosinolates-rich diet, 2) the effects of copper and iron supplementation level, 3) the influence of dietary preparation (powder or mash), since the performance of pigs receiving rapeseed based diets is better with pelleted than with mash diets (Bourdon, Quere and Baudet, 1982 ; Rundgren, 1983 (Vermorel, Davicco and Evrard, 1987) were studied simultaneously. The sole source of protein in the control diet (122 g/kg DM) was herring meal supplemented with methionine. The nine experimental diets contained 235 g DM rapeseed meal and 15 mM glucosinolates/kg DM to obtain a 50 % reduction in the growth rate of rats according to earlier results (Vermorel, Davicco and Evrard, 1987) . The rapeseed meal provided 80 % of protein and herring meal 20 %. Protein content was 135 g/kg DM, to maintain the same digestible protein/ digestible energy ratio as in the control diet and to meet the amino acid requirements of growing rats. The lysine supply was increased by 1 g/kg DM for the rapeseed diets, in case processing the dehulled seed had an effect on lysine availability (Bourdon, Perez and Baudet, 1984) . The diets were fed in powder form, similar to pig feed, but two rapeseed diets were given as mash to determine the toxicity of rapeseed meal fed in wet form.
All the rapeseed diets were supplemented with iodine (1 mg/kg DM) in the form of potassium iodide, at a level 6 times higher than normal. This high level had given positive results with growing pigs and with poultry (Ludke, Sch6ne and Henning, 1985 ; Menzel, 1983 (Vermorel, Davicco and Evrard, 1987) . These effects were more marked when the diet was fed in the form of mash than when it was powdered, perhaps because of the previous hydrolysis of glucosinolates and thus increased formation of toxic compounds. Although myrosinase activity was suppressed by heating over 70 °C (Lafrouji, 1986) , non-enzymatic hydrolysis of glucosinolates may produce I.T.C. (Ribaillier, 1985) .
Contrary to the results of Anke et al. (1980) and Ludke, Sch6ne and Hennig (1985) on growing pigs, supplementation of the rapeseed diet with iodine alone, at the same level of 1 mg/kg DM, had no beneficial effect on food intake, rat growth rate and plasma thyroid hormone contents, but slightly reduced thyroid weight. The VTO contents of the diets were similar (1.06 and 1.17 g/kg DM), but the ITC content of the present rapeseed diet was 3 times higher than that of the diet used by Ludke, Sch6ne and Hennig (1985) : 0.60 compared with 0.20 g/kg DM ; competition with iodine for thyroidal transport may have been greater in this case. Further, it appears that even the control diets fed to pigs by these authors may have been deficient in iodine (Sch6ne et al., 1986a, b) , which could explain the spectacular effect of iodine supplementation.
The considerable increase in rapeseed meal intake and in growth rate resulting from supplementation with both iodine and copper at a level of 315 mg/kg DM, agrees with the results of Ludke, Sch6ne and Hennig (1985) The favorable effects of copper may result from modifications or suppression of the gut microflora (Braude, 1965) &horbar; consequently, the production of toxic compounds from glucosinolates could be reduced (Rowan and Lawrence, 1986) &horbar; or from the formation of stable complexes with progoitrin, limiting the formation of goitrin (Cansfield and Campbell, 1980) which would explain its antigoitrogenic effects. In addition, Ludke, Sch6ne and Hennig (1985) showed in vitro that the addition of copper sulphate solutions to rapeseed meal reduced ITC and VTO formation, perhaps as a result of stable linkages with glucosinolates.
The depressive effects of ferrous sulphate added to rapeseed diet on rat growth have not been found in poultry (Menzel, 1983) or in pigs . They cannot be due to unpalatability, since no effects have been noted with the control diet. They probably result from an interaction of the supplement with glucosinolates. ln vitro iron salts would favour the formation of thioamides and nitriles from glucosinolates, in place of isothiocyanates and goitrin (Van Etten et a/., 1966 ; Austin, Gent and Wolff, 1968 ; Tookey and Wolff, 1970 ; Searle, Chamberlain and Butcher, 1984) . This could explain the reduction in liver and thyroid weight and the increased plasma thyroid hormone contents of rats fed the rapeseed diet and the further increase in kidney weight due to the high toxicity of cyanide, the oxidation products of nutriles (Gould et al., 1985) . Nitriles are very toxic compounds which reduce growth rate much more than the VTO (Josefsson, 1975 ; Gould, Gumbmann and Daxenbichler, 1980) . The considerable toxicity of the diet distributed as mash could result from the formation by autolysis of very large amounts of nitriles, which would reduce the palatability of these diets (Joseffson, 1975 It would also be useful to study the roles of copper and iron on glucosinolates in vivo, measuring their degradation products in the small intestine and portal blood, but such a study requires reliable and accurate methods for analyzing glucosinolate metabolites in biological fluids.
